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Experiment investigation on semi-active seismic response control of
tall building with podium structure

Qu Weilian', Chen Jing’, Xu Youlin’, C.L.Ng’
(1. College of Civil Engineering and Ardhitecture Wuhan University of Technology, Wuhan 430070, China;
2. College of Automation, Wuhan University of Technology, Wuhan 430070, China;
3. Department of Civil and Structural Engineering, The Hong Kong Polytechnic University Hung Hom, Kowloon Hong Kong, China)

Abstract: The experiments on semi-aclive seismic response control of tall building with podium structure were carried out
in The Hong Kong Polytechnic University in Sep. 2002. The tall building was cnstructed as a slender 12-storey building
model whewras the podium structure was built as a relatively stiff 3-storey building model. An MR damper together with a
current controller manufactured by the Lord Corporation, USA, was used to link the 3-storey building to the 12-storey
building. The dSPACE real-time simulator system is used in the experiment. The dynamic characteristics of the two
buildings without any connection and with a rigid connection were first identified. The two building models without any
connection and with a rigid connection were then tested under the scaled El Centro 1940 N-S ground motion. Finally, the
two building models comected by the MR damper manipulated by a semi-active logic control algorithm were tested under
the specified giound motion. The experimental results show that the MR damper with the semi-active logic cntrol algo-
rithm could significantly mitigate the seismic whipping effect and reduce the seismic responses of both the tall building
and the podium structure.

Key words: tall building with podium structure; seismic mesponse; semi-active control

: 2003-07-07; : 20040421
(50038010
(1946-). .



65

MR ,

5 s
MR s
[3.4
s MR s
El Centro
1
1.1

4 50mm X 6mm

, « _ ” 20
El Centio (140 N-S) s
MR
MR s
MR 3
,2002 9
, MR
MR 3
( ).
El Centro MR
MR
[1 , ,
, 12
) 1
200 GPa, 435 MPa. 12 2.4m,
0. 184m, 600mmX 400mmX 16mm ,
1.39 X 1’N/m . 3 0. 6m, 8  50mm
0. 168m, 1500mm X710 mmX 32mm,
’ 50 mms,
3.64X 10°N/m. (5 mm ),
. 4
s 3 1 MR
MR 100N ,
s 0.5A 1. 0A,
100N , 0. 0A ON, 0.5A
0.5A 30s. 2Hz. 50mm

( ) 31.35 kg,
X 6mm s

700 mm X 500 mm ,
( ) 183.61kg,

14

, 0,
1.2 MR

LORD RD-1097-01X
50mm, MR 1.0A

70 °C,
, MR

b

2(a)



66 24

FB
700
600
58 CER
A 1 A
1500 |
I ]
L B unit:mm
(a) BIRYE o E
50 ] % g
1B ©
- - A
3
S
50
BE .50
N 50 /_ < =
50 ~
; = % QTE g
S - AL
(b) A-ARIEE {c) B-BHIEA
1
MR (23 \ Wonder Box RD-3002-03.
PWM . ’ s
2Mh) . OV ~0.5vV 1kHz, 0. 0V~04V 0.0A.
250 0.7
200 % 0.6 |
< 05}
z 150 | % 04
= 100 | @ 03¢}
R g ool
50 | '
0.1 }
08— 04
0 02040608 1.0 1.2 1.4 0 0306 09 1.2 1.5 1.8 2.1
B I/A EHBEUV
(a) MREHESREM S5 I1H9K R (b) BFEHBEHAMBLE
2 MR
1.3
. MTS
MTS 469DU, 3.0mX3.0m , 100kN ilg . 0.1Hz ~
50 Hz, =+ 100mm. El Cento (1940 NS) , 0.319¢,
62s , 0.039s. s « 7 ( 95% )

’ ? : 35 %7
13, 3



67

Simulink/ RT'W

o dSPACE

3
0.15 L
010 0.10
. .
é 0.05
pu
W 000 B o005}
= 0,05
-0.10 ’}
-0.15 1 1 n L L i I ( ! 0 A 1 1 L f
0 2 4 6 8 10 1214 16 18 20 02468 101214161820
tls i f iHz
(a) BIEREHER (b) T
3 El Cento
1.4
INV300E , 4 SEWER ESrRM
. Y
1,2,3,4,6,8, 10, 12 1,2, BRI RS
( D, v
B &K HEH |- INV303E
(PC/m/s%). 2602 2635
, 2635 s 4
, 2692 ,
(m/s>m/s  mm)
(0.1,0.316, 1, 3. 16, 10, 31. 6, 100, 316, 1 000) ( . :0.2  2Hz . 1
10HZ7 H 1 IOHZ; :0. 19 19 39 109 309 > 100kHZ) 4
s :0.2 ~ 100H z,
INV300E , INV30OE
2/3
A/D D/A , 5
A
- -1 € o ____
| s r _ |J
| _iﬁ_ﬁﬁuﬁ i » ﬁz;!]f:? |
T R BRI
(EFEMREIE 25
!
EZE | DARBE [P R
g i
wEnten || ADERE | o e
(bezgy [ l—_———d L ?_ﬁiﬂ%’% ______ i
5
A/D D/A dSPACE dSPACE . dSPACE
MATLAB/ Simulink MATLAB/
J0O0



68 24
/ / dSPACE s
: RCP(Rapid Control Pwtotyping ) HILS (Hard-
ware-in-the-Loop Simulation).
DS 1005 PPC , dSPACE , 480MHz
DSP . A/D DS2003 32 A/D , 16 , 73. 2us, +5V
+10V. D/A DS2102 6 D/A , +5V. £10Vv 0V ~10V, 6
16 D/A , 16 . 1 0.05us, 6
0. 74us.
dSPACE (D . Mathwoiks MATIAB/Simulink . Real-Time Interface RTW.
2) — (Control Desk) . Contwol Desk  dSPACE . Con-
trol Desk Control Desk
2
5 &S ’
s INV300E
) 3 3 , 1
1
/% /Hz /% / Hz /% /Hz
1 0.93 9.08 1.29 3.91 1. 67 4.39
2 0.39 27. 86 1.2 11. 24 0.55 10.23
3 1.02 40. 08 0. 46 18. 57 0. 51 15.59
1 , ( ) .3 3
6
3 12
10
ar 2 - ogr 8
il g 6
¥l ® 4
2
0 0
-2.5 ~0.5 1.5 -2.5 -0.5 1.5
(a) BSLEEBE (c) JREEH
6 3
3 .
0.13g. 1/3  El Ceniro )



69

3
12 o . 12 o -
10 10 -
8 + 8t
p
ﬁ‘ﬁ 6 - m 6}
2, g .1
2 o e 27
oz [ | S A
0 2 4 6 8 10 12 0 05 1 15 2 25 3
B al(m-s?) INEERE. a/(m-s?)
(a) 5 Bk (H (b)hin s BERMSAE
7
12 @ »
10 +
8 L
e gp
m O I
a4 ®
21
0 L ' L 0 1
0 2 4 6 8 10 12
I Ed/mm N d/mm
(a) PEEBIE(E {by AL RMS{E
8
3 » = 3 -
L 2+
e g iy
i} oK
B o B L
.
00 0.5 1 1.5 2 0 0.1 0.2 0.3 04 0.5
s E a/(m-s2) P d/mm
(a) 5738 5 N3 BERMS (b) 283748 LIRS BERMS
9
7Ca) 7)) , RMS 4 s
, 8a) 8() 3 RMS
, . RMS 46 % 60% .,
8(a) 8()
( 6b) 60@)).
, 9(a) 9(b) , ,
4
4.1 MR
2002 “MR 1 MR



70

11

, , MR
MR Xr ) X,
MR ’ Xr
3 , X
X% xl =a x| =
co ,eo 0 ey co l
s 9 10 ,
2
[3 ,
Xi X X1 3 xivxioxl Xr 10
3 e x =eo  x>e0;
Xo X X2 3 o3 x x 3 o co xl =0 x> @
Y , 4 y}\y%\yf yi‘ « HC),
(LC), (cC) oWNC)Y”. 2 3.
2 3
x, X,
o< Ix] =¢, x> ¢, X Xl X3 X3
x<—e, L,(HC) I, (LC) 1L, (CC) x! ! 13 3
Ix,| <e, 1L,(LC) 0 (NC) 11, (CC) x3 »? i »?
x> e I,(CC) ,(LC) I,(HC) 3 33 32 !
3 )
yi=xi°x+x°x a1
y?: xi o+ xi o x @)
yi= xi°x 3)
yi=yityityt @y
(O~ @ . )
Y, Gty v “17, “0”,
4.2
MR e0=0.3mm  co=2mm/s, HC.MC.ILC NC
0.6A.0.45A.0.35A  0.0A,
Passive-off (MR 0 )
» Passive-off MR .
)\ Passive-off 11 12
> ' &



71

?1994-2016 China Acadendic Journal Electronic Publishing House. All rights resérved.

] | 2
ft ki d/imm RMS {1 # d/mm
{a) K FE (b) RMS {0k
12
11 12 , , Passive-off , Passive-off
. Passive-off )
, 10. 24mm, 7.2mm, Passive-off 6. 41mm, 4, 24mm;
’ v ) 3 ) 1. 4811']111,
1. 30mm, Passive-off 1. 11mm, 0. 83mm. . Passive-off
4 13(a) ~  13(dD ,
12 12
. . 8
E 4 g 4
~ 0 =
2 R 4 I" Il“'”
- [ = S
-12 ~-12
02 4 6 BI0 121416 1820222426 D2 46 810 12141618202224 26
tls iis
(a) IFEEH by B =48
12 12
g 8 g 8
E 4 E 4
i 0 WW‘ :i 0 -W—-—-———'\-
o 3 = 4
= _R - =R
-12 -12
02 4 6 810 121416 1820222426 D 2 4 6 810 1214161820222426
tls tls
(e) Passive-off fr =t () '*' Ezh @M EH
13
5
MR
[@D) R El Centro(NS1940) 35 %,
3 H
) , MR ,
Passive-off ;
3) 2002 MR ,

http://www.cnki.net



72

24

59%, 40%, Passive-off 4%,
@) [ 1] , .

QuW L Xu Y L. Semi-active ontrol of seismic response of tall buildings with podium structure using ER/MR dampery| A] . The Structural Design of Tall
Buildingq C] . 2001, 10: 179~ 192.
Dyke S J, Spencer B F. Seismic response control using multiple MR dampers| A] . Proc. of 2nd Int. Workshop on Structural Conto]| C] . Hong Kong,
1996.163~ 173.
Ribakov Y, Gluck J. Active control of MDOF structures with supplemental electrotheologi cal fluid dampers] J]. Earthquake Engineering and Structural Dy-
namics, 1999, 28: 143 ~ 156.
XuY L Qu WL Ko JM. Seismic response ontrol of frame structures using magnetotheological/ electrotheobgical dampery J| . Earthquake Engineering
and Structural Dynamics 2000 29. 557 ~575.
Chen Jing Qu W L, Zhang N L. Vibration control principium for structures based on panBoolean algebra[ J] . Noise And Vibration Control, 2002 22
(3): 37~38.
Qu W L, Chen Jing Xu Y L. Experimental investigation of semi-active control of tall buildings with podium structure using a MR damper| A] . Conference
on China-Japan Workshop on Vibration, Controller and Health monioring of structures & third Chinese Symposium on Structural Vibration Contro][ C] .
Shanghai, China December 2002, 8 ~ 12

, s . MR [J. , 2003, 23(2). 150~ 153.



